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First  Interim  Report 
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The  research  reported  in  this  document  has  been  made 
possible  through  the  support  and  sponsorship  of  the 
U.  S.  Government  through  its  European  Research  Office 
of  the  U.  S.  Army. 
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Obiectives 


The  present  First  Interim  Report  informs  on  the  current 
status  of  the  Contract  No.  DAJA  45-86-C-0029  entitled:  "Electri¬ 
cal  Ignition  of  HAN-Based  Liquid  Propellants".  This  contract  is 
supported  and  sponsored  by  the  U.  S.  Government  through  its 
U.S.  Army  Research,  Development  and  Standardization  Group  in  the 
United  Kingdom  (U . S . A. R. D . S . G.  -  UK). 

The  scope  of  this  study  is  to  investigate  and  optimize  the 
electrical  ignition  of  hydroxyl-ammonium  nitrate  (HAN) -based 
liquid  monopropellants  (LP)  in  conjunction  with  its  use  as  a 
propellant  charge  in  the  regenerative  liquid  propellant  gun 
(RLPG).  In  this  research,  the  fundamentals  of  LP  ignition  will 
be  investigated  which  will  contribute  to  the  design  at  electrical 
igniter  devices  suitable  for  large  caliber  RLPG  systems.  Specific 
goals  are: 

to  investigate  various  means  of  electrical  ignition  of  LP, 

to  develop  quantitative  ignition  criteria, 

to  achieve  reproducible  igniter  output  energies, 

to  obtain  igniter  energy  effluxes  that  are  capable  of  starting 
the  regenerative  process  and  producing  sustained  ignition  in 
the  gun  chamber 

to  scale  the  ignition  requirements  to  large  volumes 


B .  Research  Efforts  Proposed  for  1986 

In  the  first  months  of  the  first  year  program,  i.e.,  during 
the  period  October  1  to  December  1,  1986,  it  was  proposed  to 
build  suitable  test  fixtures  for  achieving  controlled  eletrical 
ignition  of  HAN-based  LPs . 
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The  work  done  during  the  reporting  period  included  the 
design  and  production  of  a  suitable  test  fixture.  An  igniter 
whs  designed  which,  according  to  the  wishes  of  the  contract 
monitor  at  the  Ballistic  Research  Laboratory,  Aberdeen  Proving 
Ground,  MD,  adopted  the  setup  tested  by  BRL  in  the  30-mm  Regene¬ 
rative  Liquid  Propellant  Gun.  The  propellant  cavity  of  the 
igniter  has  a  nominal  volume  of  about  2  milliliters.  The  igniter 
was  designed  so  that  the  cavity  geometry  can  be  varied  and  the 
effect  on  the  ignition  of  the  liquid  propellant  studied.  Posi¬ 
tive  and  negative  polarities  can  be  applied  to  the  electrodes 
with  a  suitable  power  supply. 

The  present  design  is  being  tested  while  the  polarity  of 
the  electrodes  are  interchanged.  A  specially  derived  computer 
code  will  be  used  to  predict  the  electrical  field  configurations 
in  order  to  guide  the  igniter  design.  Results  for  the  first  ig¬ 
niter  configuration  are  expected  during  December  1986. 


D .  Brief  Statement  of  Research  Plans  1987 

Research  plans  for  the  next  six  months  are  to 

(1)  achieve  controlled  ignition, 

(2)  test  diagnostic  capabilities  to  measure  the 

ignition,  decomposition  and  combustion  in  the  igniter 
case , 

igniter  output, 

conditions  in  a  suitable  test  chamber. 

(3)  develop  further  igniter  cases. 
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Objectives 


The  present  Second  Interim  Report  informs  on  the  current 
status  of  the  Contract  No.  DAJA  45-86-C-0029 ,  entitled: 
"Electrical  Ignition  of  HAN-Based  Liquid  Propellants".  This 
contract  is  supported  and  sponsored  by  the  U.  S.  Government 
through  its  U.  S.  Army  Research,  Development  and  Standardization 
Group  in  the  United  Kingdom  (U. S . A. R. D. S . G.  -  UK). 

The  scope  of  this  study  is  to  investigate  and  optimize 
the  electrical  ignition  of  hydroxy lammonium  nitrate  (HAN) -based 
liquid  monopropellants  (LP)  in  conjunction  with  its  use  as  a 
propellant  charge  in  the  regenerative  liquid  propellant  gun 
(RLPG) .  In  this  research,  the  fundamentals  of  LP  ignition  will 
be  investigated  which  will  contribute  to  the  design  of  electrical 
igniter  devices  suitable  for  large  caliber  RLPG  systems.  Specific 
goals  are: 

-  to  investigate  various  means  of  electrical  ignition  of  LP; 

to  develop  quantitative  ignition  criteria; 

to  achieve  reproducible  igniter  output  energies ; 

to  obtain  igniter  energy  effluxes  that  are  capable  of 
starting  the  regenerative  process  and  producing  sustained 
ignition  in  the  gun  chamber; 

to  scale  the  ignition  requirements  to  large  volumes. 


B.  Research  Efforts  Proposed  for  the  First  Six  Months 


In  the  first  six  months  of  the  1986  to  1987  years  progra 
i.e.,  during  the  period  October  1,  1986,  to  April  1,  1987,  it 
was  proposed  to 
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build  suitable  test  fixtures, 

achieve  controlled  electrical  ignition  of  HAN-based  LPs , 

test  diagnostics  capabilities  to  measure  the  ignition  and 
combustion  of  LPs. 


C .  Work  Done  During  the  Reporting  Period 

The  work  done  during  the  reporting  period  included  the 
design  and  production  of  a  suitable  test  fixture.  An  igniter  was 
designed  which,  according  to  the  wishes  of  the  contract  monitor 
at  the  Ballistic  Research  Laboratory,  Aberdeen  Proving  Ground, 

MD,  adopted  the  setup  tested  by  BRL  in  the  SO-rrm.  Regenerative 
Liquid  Propellant  Gun.  The  propellant  cavity  of  the  igniter  has 
a  nominal  volume  of  about  2  milliliters.  The  igniter  was  designed 
so  that  the  cavity  geometry  can  be  varied  and  the  effect  on  the 
ignition  of  the  liquid  propellant  studied.  Positive  and  negative 
polarities  can  be  applied  to  the  electrodes  with  a  suitable  power 
supply. 

This  design  has  been  tested  while  the  polarity  of  the  elec¬ 
trodes  was  interchanged.  The  diagnostics  applied  included  pres¬ 
sure  and  temperature  measurements  as  well  as  photography.  A  speci¬ 
ally  derived  computer  code  is  used  to  predict  the  electrical 
field  configurations  in  order  to  guide  the  igniter  design. 

Results  for  the  first  igniter  configuration  indicate  that  the 
controlled  ignition  of  the  HAN-based  LPs  is  difficult  to  obtain 
at  high  energy  levels.  In  two  firings  we  had  fast  combustion  so 
that  the  test  setup  was  destroyed.  These  parts  were  taken  to  the 
shop  and  were  newly  manufactured.  Then  we  reduced  the  rise  time 
and  the  amplitude  of  the  ignition  pulse  to  achieve  controlled 
ignition.  The  altered  electrical  pulse  resulted  in  controlled 
ignition  reactions. 
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D .  Brief  Statement  of  Research  Plans  1987 

Research  plans  for  the  next  six  months  are  to 

(1)  achieve  controlled  ignition  by  varying  the  electrical  pulse 
of  the  igniter, 

(2)  measure  the 

ignition,  decomposition,  and  combustion  in  the  igniter 
case , 

igniter  output, 

conditions  in  a  suitable  test  chamber. 

(3)  develop  further  igniter  cases. 


E./F.  Visits,  List  of  Papers,  etc. 

Due  to  the  relatively  short  reporting  period  no  visits  have 
been  undertaken  and  no  papers  were  published  under  this  contract. 


G .  Significant  Administrative  Actions 

(1)  A  full-time  technician  has  been  employed  by  the  Fraunhofer 
Society  supported  by  this  contract. 
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(2)  An  increase  of  funding  of  U.S.  $  5,000.--  per  year  has  been 
requested  on  February  9,  1987  by  an  Adjunct  to  the  Contract. 
The  increase  was  accepted  by  the  U.S.  Army  Ballistic 
Research  Laboratory  and  forwarded  to  USARDSG-UK,  London. 

The  additional  funding  will  be  requested  at  the  end  of  the 
first  year,  i.e.,  October  1,  1987  pending  the  approval  of 
USARDSG-UK. 
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Since  only  the  first  partial  payment  of  6,600. —  US  $  for 
1986  was  made,  no  unused  funds  remain  on  the  contract.  Also,  no 
property  was  acq  'ired  with  contract  funds  during  the  reporting 
period . 
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A ,  Objectives 


The  present  Third  Interim  Report  informs  on  the  current 
status  of  the  Contract  No.  DAJA  45-86-C-0029 ,  entitled: 
"Electrical  Ignition  of  HAN-Based  Liquid  Propellants".  This 
contract  is  supported  and  sponsored  by  the  U.  S,  Government 
through  its  U.  S.  Army  Research,  Development  and  Standardization 
Group  in  the  United  Kingdom  ( U. S . A . R. 0 . S . G .  -  UIH  • 

The  scope  of  this  study  is  to  investigate  and  optimize 
the  electrical  ignition  of  hydroxy lammonium  nitrate  (HAN)- 
based  liquid  mcnopropel lants  (LP)  in  conjunction  with  its  use 
as  a  propellant  charge  in  the  regenerative  liquid  propellant 
gun  (RLPG) .  In  this  research,  the  fundamentals  of  LP  ignition 
will  be  investigated  which  will  contribute  to  the  design  of 
electrical  igniter  devices  suitable  for  large  caliber  RLPG 
systems.  Specific  goals  are: 

to  inv'estigate  various  means  of  electrical  ignition  of  LP ; 

to  develop  quantitative  ignition  criteria; 

to  achieve  reproducible  igniter  output  energies; 

to  obtain  igniter  energy  effluxes  that  are  capable  of 
starting  the  regenerative  process  and  producing  sustained 
ignition  in  the  gun  chamber; 

to  scale  the  ignition  requirements  to  large  volumes. 


B .  Research  Efforts  Proposed  for  the  Research  Period 
April  to  October  1987 

In  the  Third  Interim  Research  Program,  i.e.,  during  the 
period  April  1,  1987,  to  October  1,  1987  it  was  proposed  to 

achieve  controlled  ignition  in  the  igniter  cavity  filled 
with  about  2  cm^  HAN-basod  liquid  monoprope 1 lant  LPG  1846, 
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r.casure  durir.a  the  decoeiposition  and  combustion  of  the 
LGP  1  646  t'r.e  ianiter  output  in  terms  of  aas  pressure 
inside  a  special,  newly  designed  test  chamber, 

develon  furth.er  ianiter  cases. 


C .  Wcrk  Done  Durin::  the  Reporting  Period 

T;  e  work  done  during  the  reporting  period  was,  at  first, 
severely  im.pcdcd  by  the  difficulties  encountered  in  the  ignition 
with.in  the  icniter  cavity.  In  most  of  the  tests,  the  2  cm^  LP 
charge  was  rapidly  ignited  releasing  so  much  energy  that  the 
cavity  was  destroyed  and  had  to  be  replaced  by  a  new  test  fixture. 
In  some  cases  ,  the  igniter  charge  was  not  ignited,  but  the 
liquid  v/as  sprayed  into  the  surroundings.  This  behavior  did  not 
change  as  the  electrical  pulse  width  and  the  pulse  rise  was 
altered . 

To  ov’ercome  those  difficulties,  discussions  were  held  with 
the  Scientific  Liaison  and  other  scientists  during  a  visit  to 
BRL  in  July  1987  with  the  conclusion  that  the  power  supply  should 
be  replaced  by  a  device  which  permits  the  generation  of  currents 
with  rise  tim.cs  cf  about  0.25  to  0.3  ms  or  longer  and  larger 
pulse  widths.  Therefore,  a  new  power  supply  has  been  made  which 
yields  pulse  rise  times  variable  from  0.1  ms  to  about  1  ms  and 
pulse  widths  variable  from  1  ms  to  1  sec  depending  upon  the 
condc.ns  atvr  battery  used  and  the  ignition  behavior  of  the  pro¬ 
pellant.  Fivuro  1  in  .Appendix  1  shows  schematically  the  circuit. 

Also,  the  two  i  miter  cavity  con f igurat ion s  shown  in  Fig.  2 
cf  Append::-;  1  hav-;-  beer,  designed  and  made  to  study  the  ignition 
b-'.huvicr  of  to-:  LG!'  1846.  The  first  desiun  corresponds  to  one 
of  th-':  Hkk  c  n  f  i  u  u  r  1 1  :  oi:;'; .  T;:;3  icnit'C'r  cavity  was  made  according 
to  t:.-;  wi:'-:‘:s  th--  S'oe'.fi  •  t,;  :  s  .  '  r.  i  i ,  the  second 
design  ws;  d 1 '  e- ■  1  u.;:  i  n  :  predic'inu  sole  m-'c  of  a  model,  in 
ord-  r  ^o  ;  n  i  ri''‘-e  *  r :  r  a  1  el-'^'''‘r;o  fi-'l;  distribution. 
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In  addition,  a  further  new  test  fixture  was  made,  to  be 

able  to  measure  the  energy  output  of  the  igniter  cavity  used 

in  the  test  chamber.  The  volume  of  this  test  chamber  can  be 

3  3 

varied  from  about  41,5  cm  to  101  cm  ,  see  Figure  3  of  Appendix  1. 
With  these  altered  devices,  controlled  ignition  was  achieved. 

For  example,  with  a  fill  of  1-9  cm^  LGP  1846  and  a  voltage  of 
1600  volts  (maximum)  and  a  rise  time  of  0.25  ms  (10  %  to  90  %), 
a  m.aximium.  current  of  120  amperes  (190  Watts  or  116  Joules), 
the  LG?  1846  was  properly  ignited,  and  after  venting  the  igniter 
output  into  the  test  chamber  a  maximum  pressure  of  about 
6  atmospheres  or  0,6  MPa  has  been  measured.  An  example  of  such 
a  pressure  record  is  shown  in  Figure  4  of  Appendix  1 . 

Thus  v;e  could  overcome  the  difficulties  and  so  controlled 
ignition  can  be  studied  in  further  tests. 


D.  Brief  Statement  of  Research  Plans  1988 
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Research  plans  for  the  next  six  months  are  to 

(1)  study  under  controlled  ignition  the  energy  output  of  various 
igniter  configurations, 

(2)  measure  the  igniter  output  in  terms  of  pressure  and  temper¬ 
ature  in  the  test  chamiber. 


i 

S  E./F.  Visits,  List  of  Paners,  etc, 
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1%  The  principal  investigator  attended  meetings  at  several 

\  institutes . 
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26.6. 


Visit  to  BICT,  Bonn,  together  with  the  Scientific 
Liaison,  Mr.  J.  D.  Knapton,  BRL 
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29.5. 


5.6. 


Visit  of  various  UK  installations  to  cot 


inicr~ation  on  LP  research. 

7.7.  -  22.7.  Visit  to  BRL  and  other  US  installations  with 
BRL  scientists. 


S i qrni f leant  .nd.T.in is t rat ive  Actions 

h  full-tine  technician  has  been  employed  by  the  Fraunhofer 
ety  supported  bv  this  contract. 


.^mounts  of  Funds  and  Prooertv  Accuired 


Since  only  z'r.e  first  and  second  partial  payment  was  made 
no  unused  funds  remain  on  the  contract.  Also,  no  property  wa; 
acquired  with  contract  funds  during  the  reporting  period. 
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TEST  FIXTURE 

ELECTRICAL  IGNITION  OF  HAN -BASED  LP 
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Figure  3 
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Figure  4.  Pressure  history  of  first  igniter  configuration 
shown  in  Fig.  2 
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